This paper describes a numerical scheme based on the Chebyshev wavelets constructed on the unit interval and the Galerkin method for solving nonlinear Fredholm-Hammerstein integral equations of the second kind. Chebyshev wavelets, as very well localized functions, are considerably effective to estimate an unknown function. The integrals included in the method developed in the current paper are approximated by the Gauss-Chebyshev quadrature rule. The proposed scheme reduces FredholmHammerstein integral equations to the solution of nonlinear systems of algebraic equations. The properties of Chebyshev wavelets are used to make the wavelet coefficient matrix sparse which eventually leads to the sparsity of the coefficients matrix of obtained system. Some illustrative examples are presented to show the validity and efficiency of the new technique.
Introduction
In this paper, we study the nonlinear Fredholm-Hammerstein integral equation of the second kind, namely given functions, u is the unknown function to be determined,  R is a constant and the known function  is continuous and nonlinear corresponding to the variable u . These types of integral equations arise as  a reformulation of two-point boundary value problems with a certain nonlinear boundary condition which occur in many problems of mathematical physics, fluid mechanics and electrochemical machining [1, 2] . To obtain the numerical solution of these types of integral equations, many different basis functions have been used as basis in the projection methods, including the collocation and Galerkin methods. The main advantage of applying the projection methods is that they reduce an integral equation to the solution of a system of algebraic equations. However, there are so many different families of basic functions which can be used in these methods which it is sometimes difficult to select the most suitable one. Atkinson has applied the piecewise polynomials of order n in the projection methods for the numerical solution of nonlinear Fredholm integral equations and obtained the convergence of polynomial order [3] . Walsh-Hybrid functions have been used to solve Fredholm-Hammerstein integral equation of second kind in [4] . Alipanah and Dehghan [5] have investigated a method for the numerical solution of nonlinear Fredholm-Hammerstein integral equations utilizing the collocation method and positive definite functions. Sinc-collocation method for the solution of nonlinear Fredholm integral equations have been presented in [6, 7] .
Since 1991, wavelet technique has been applied to solve integral equations [8, 9] . The wavelet method allows the creation of very fast algorithms when compared with the algorithms ordinarily used. Wavelets are considerably useful for solving Fredholm-Hammerstein integral equations and provide accurate solutions. B-spline wavelets have been applied to solve Fredholm-Hammerstein integral equations of the second kind in [10] . Lepik [11] has studied a computational method for solving Fredholm-Hammerstein integral equations of the second kind by using Haar wavelets. Authors of [1] have introduced a numerical method for solving nonlinear Hammerstein integral equations utilizing Alpert wavelets as basis in the Petrov-Galerkin method. Legendre wavelets have been used to approximate the solution of linear and nonlinear integral equations with weakly singular kernels in [12] .
The purpose of this paper is to present a method of obtaining numerical solutions of Eq. (1) by combining the Chebyshev wavelets and the Galerkin method. The properties of Chebyshev wavelets together with the Gauss-Chebyshev integration method are used to convert Eq. (1) into a nonlinear system of algebraic equations. This system may be solved by using an appropriate numerical method, such as Newtons iteration method. We will notice that, these wavelets make the wavelet coefficient matrices sparse and accordingly it leads to the sparsity of the coefficient matrix of the final system and provide accurate solutions.
Furthermore, the Chebyshev wavelets have been used to approximate the solution of differential equations [13] , the second kind integral equations [14] , the first kind Fredholm integral equations [15] , Abel's integral equations [16] , nonlinear systems of Volterra integral equations [17] , fractional nonlinear Fredholm integro-differential equations [18] , time-varying delay systems [19] , fractional differential equations [20] and a nonlinear fractional differential equation [21] .
The outline of the paper is as follows: In Section 2, we review some properties of Chebyshev wavelets and approximate the function () fx by these wavelets. Section 3 is devoted to present a computational method for solving Eq. (1) utilizing Chebyshev wavelets and the error analysis for the method. Numerical examples are given in Section 4. Finally, we conclude the article in Section 5.
Properties of Chebyshev wavelets
Wavelets consist of a family of functions constructed from dilation and translation of a single function called the mother wavelet. When the dilation parameter a and the translation parameter b vary continuously, we have the following family of continuous wavelets [8, 22] 
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For these functions we also have the following useful formula:
We should note that Chebyshev wavelets are orthonormal set with respect to the weight function 1 1, 1 
Function approximation
where C 
Based on the above formulations, we can present the following theorem from [15] : 
Solution of Hammerstein integral equations
In this section, the Chebyshev wavelet method is used for solving Fredholm-Hammerstein integral equations of the second kind in the form Eq. (1). For this aim, we let 
By substituting (16)- (19) into (1), we obtain
By letting , we obtain the following nonlinear system of algebraic equations We proceed by discussing the sparsity of the final system (27) which is an important issue for increasing the computation speed. But prior to that, we consider the following theorem from [15] : 
We can use (35) instead of (27).
Evaluating the matrix
For numerical implementation of the method explained in previous part, we need to calculate matrix
. For this purpose, by considering 
Error analysis
Now, we proceed by discussing the convergence of the presented method. For this purpose, let the operators K and T be respectively Table 1 shows e  and 2 e at different numbers of , kMand results are compared with [11] .In computations, we put 
Conclusion
Integral equations are usually difficult to solve analytically and therefore, it is required to obtain the approximate solutions. In this study we develop an efficient and accurate method for solving nonlinear Fredholm-Hammerstein integral equations of the second kind. The properties of Chebyshev wavelets are used to reduce the problem to the solution of algebraic equations. Error analysis is provided for the new method. However, to obtain better results, using the larger parameter k is recommended. The convergence accuracy of this method was examined for two numerical examples.
